Abstract-The magnetic flux control of focusing deep hyperthermia inductive heating are presented for breast cancer treatment by using ferro-fluid nanoparticles in conjunction with magnetic shielding system. It is a technique to control magnetic field intensity and relocate the heating area in hyperthermia therapy to destroy cancerous cells, without damaging the surrounding healthy tissue by using a cylindrical magnetic shielding system in conjunction with ferro-fluid. The simulation and investigations were carried out using a lossy medium. The inductive applicator is a ferrite core with diameter of 7cm, excited by 4MHz signal. The results showed that the position of heating region can be controlled and relocated by changing the orientation of the ferrite core with shielded system. These results demonstrate that it is possible to achieve higher temperatures and to focus magnetic field intensity where the nanoparticles and magnetic shielding system are used. The advantage of the magnetic shielding system is that it can be applied to prevent the side-effects of hyperthermia cancer treatment by inductive heating.  Index Terms-hyperthermia, inductive heating, magnetic shielding, electric loss density, ferro-fluid
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At present, cancer is one of leading cause of population death in worldwide. Cancer is the uncontrolled growth and spread of cells. It can affect almost any part of the body. Especially breast cancer, because of breast cancer has been increasing worldwide in every year. Therefore, it is desirable to remove the cancer from the human body as soon as possible. Cancer can be treated effectively by various methods such as surgical excision, chemotherapy and radio therapy including hyperthermia [1] which is one of noninvasive techniques. The demands for noninvasive cancer treatment by hyperthermia heating are rapidly growing [2] . There are few techniques for noninvasive deep hyperthermia [2] , [3] . Most of microwave heating Manuscript received April 7, 2015 ; revised November 12, 2015. methods could not be used for deep hyperthermia due to skin depth effect. Low frequency technique is possible for deep treatment, however. The temperature in cancer cell can be increased by induction [4] , [5] . To induce heat in the cancer cell, strong magnetic field has to penetrate the cancer cell to generate eddy current in the cell which can be visualized as electric loss. The eddy current will increase the cell temperature. The temperature of normal cells due to eddy current is constant since the cancer cell is lower than conductive than normal cell. Nevertheless, the direction of magnetic field is important for localizing the heating region. Because of high intensity magnetic field will side effects of neighbouring normal cells, which can have devastating to normal cells. A magnetic shielded system has become an important topic for hyperthermia inductive heating because it can reduce the side effects of neighbouring normal cells from magnetic field.
Moreover, the studies concerning ferrofluid behavior in hyperthermia treatments, which excite nanoparticles implanted in tumors [6] have been performed several variants. Ferrofluid consisting of iron oxide nanoparticles are widely used. Among the materials potentially suitable for use in thermal therapy, magnetite has been considered the best from the standpoint of magnetic properties and biocompatibility. In this way magnetic and electrical energy is transformed into heat. The magnetic field intensity is crucial for hyperthermia treatment since it controls tissue temperature. Nevertheless, the magnetic field will leak thought around of the magnetic field source. The leakage of magnetic field results in difficulty of controlling the heating area and also effects normal cells that is nearby. Because of high intensity magnetic field will side effects of neighbouring normal cells, which can have devastating to normal cells. Consequently, the direction control of magnetic field is important for localizing the heating region. A magnetic shielded system has become another important topic for hyperthermia inductive heating because it can reduce the side effects of neighbouring normal cells from magnetic field.
In this paper, we present a technique to control magnetic field intensity and relocate the heating area by using a cylindrical metal shielding with ferro-fluid nanoparticles. The shapes of magnetic shielded system are designed for breast cancer treatment with hyperthermia inductive heating. The increments of temperature and heat focusing within cancer cells while surrounding healthy tissues remain at safe temperatures was determined by using a phantom as a tumor model and magnetic nanoparticles based on ferrofluid with the position control of magnetic shielding system. Due to uses principle injected of submicron magnetic particles inside the cancer cell so that it can be attracted magnetic flux to cancer cell most effectively.
In addition, the position of the heating region and heating efficiency can be controlled very well by using the magnetic nanoparticles based on ferrofluid as mentioned above with our magnetic shielded system in [7] . It is a technique challenge in hyperthermia therapy is to control locally heat the tumor region up to an appropriate temperature to destroy cancerous cells, without damaging the surrounding healthy tissue by using magnetic fluid nanoparticles and the position control of cylindrical metal shielding. The simulation and investigations were carried out using a lossy medium. The inductive applicator is a ferrite core with diameter of 7cm, excited by 4MHz signal. The results showed that the position of heating region can be controlled and relocated by changing the orientation of the ferrite core with shielded system. These results demonstrate that it is possible to achieve higher temperatures and to focus magnetic field intensity where the nanoparticles and magnetic shielding system are used. The advantage of the magnetic shielding system is that it can be applied to prevent the side-effects of hyperthermia cancer treatment by inductive heating.
II. THE CONSTRUCTION OF SHIELDING SYSTEM AND FOCUSING HYPERTHERMIA
The position control of focusing deep hyperthermia inductive heating for breast cancer treatment using magnetic fluid nanoparticles with magnetic shielding system in this proposed that consists of two cylindrical shielding plates and phantom as a tumor model and magnetic nanoparticles based on ferrofluid. The construction of magnetic shielding system and simulation model with magnetic fluid for noninvasive focused heating region are illustrated in Fig. 1(a) and Fig. 1(b) respectively.
In this figure, a two dimension cross section of the analytic region is represented in order to easily understand the configuration of the shielding system analysis. The proposed shielding system limits the magnetic field around the ferrite cores to confine the field in horizontal direction. Most of the vertical magnetic field will penetrate into the heating body via the aperture and, hence the heating region size can be determined by the aperture size. The heating position can be relocated from the top to the bottom and the left to the right of the breast by moving the orientation of the ferrite core with cylindrical shield. Moreover, the heating region can be increments of temperature and heat focused by injecting the magnetic fluid nanoparticles within phantom as a tumor model. Nevertheless, the design of magnetic field shielding system is necessary to take into consideration the attenuation of the magnetic field properties of the various materials used in order to spread the magnetic field over the specific area and leakage of magnetic field to the nearby areas to a fewest. Therefore, we have to consider effects of magnetic field shielding of various materials that were tested, such as, copper (Cu), lead (Pb), steel (Fe) and transformer steel (Ck-37). The investigation of the effective reduction of the magnetic field for various materials was carried out in the study as shown in [7] . 
III. THE ANALYSIS OF TEMPERATURE DISTRIBUTION
The analysis of temperature distribution, we investigate the magnetic flux density, which can be controlled by changing the orientation of the ferrite core with shielded system. In order to resolve the problem of heating region and a local heating can be controlled. To determine a method of heating induction and controlling heating position, we solved Maxwell's equation. The construction of magnetic shielding system to verify the field distribution on the heating model is performed using full wave 3-D simulation. In this analysis, the following fundamental equation for vector potential A [8] , which takes the eddy current distribution into consideration, is used. The temperature distribution in lossy media can be calculated from bioheat transfer equation by assuming the
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where T is the temperature (°C), t is the heating time (s), calculated from current density of magnetic field and  is the local physical density of tissue (1000g  m -3 ). The simulation of induction heating was conducted by analyzing eddy current distribution of the inductive applicator is a ferrite core, its will be discussed in the next section.
IV. SIMULATION RESULTS AND DISCUSSION
In this section, we investigate the magnetic flux density, which can be controlled by changing the orientation of the ferrite core with shielded system. The heating region and heating efficiency can be controlled very well by using the magnetic shielded system of our studies in [7] with uses principle injected of magnetic fluid nanoparticles into the cancer cell in [6] so that it can be attracted magnetic flux to cancer cell most effectively. The construction of magnetic shielding system to verify the field distribution on the heating model, full wave 3-D numerical simulation was performed using full wave three-dimensional numerical simulation. Simulations show that the heating and focusing can be relocated effectively by using the injected magnetic fluid and magnetic shielding system, obtained from previous studies [7] . The results have shown that the heating region can be focused or relocated by using the magnetic fluid, and the focal point of the cancer cells to be heating more effectively when used in combination with the magnetic field shielding system of our earlier studies. The heating location can be relocated by changing the position of the cancer cell with magnetic fluid injected, as shown in Fig. 2 . Fig. 2 represents the cross sectioned of electric loss density for the phantom as a tumor model. From Fig. 2(a) and Fig. 3(b) we show that the maximum electric loss density at the cancer cell deep in the breast equal to 2cm and 4 cm are 254W/m 3 and 205W/m 3 respectively. Fig.  2(c) and Fig. 3(d) the maximum electric loss density of the heating region at the cancer cell changed from starting position to the left hand equal to 2cm and 4cm are 263W/m 3 and 210W/m 3 respectively, the position of the heating region can be focusing accurately and high efficiently. From the simulation results, show that the heating efficiency can be increased and focusing of heating region can be controlled by using the magnetic fluid with magnetic shielded system. We further investigated the heating location by changing shielded ferrite cores orientation. The ferrite cores orientation with 45-degree and 90-degree are investigated as shown in Fig. 3 . For investigated the heating location by changing shielded ferrite cores orientation from original cores orientation (0-degree) to 90-degree. By investigated the electric loss density or
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heating distribution, it will be changing the angle orientation of the ferrite core in the left hand each once equal to 5 degrees.
From changing the angle orientation of the ferrite core with shielding system at 45 degrees was found that the electric loss density it most valuable. Furthermore, the effect of distance of the ferrite core was investigated in xdirection to the heating location. The result shows that the heating location can be relocated by changing the position of the ferrite core with rectangular metal shield. Fig. 3 shows the heating region for the ferrite 45-degree and 90-degree core orientation. The maximum electric loss densities for the 45-degree and 90-degree orientation are 296W/m 3 and 255W/m 3 respectively. The maximum electric loss density for the 45-degree orientation is more than the parallel ferrite core configuration. In contrast, the electric loss density is lower than the parallel ferrite core configuration when 90-degree orientation From changing the angle orientation of the ferrite core with shielding system, the maximum electric loss densities for the 45-degree and 90-degree orientation are 296W/m 3 and 255W/m 3 respectively. The maximum electric loss density for the 45-degree orientation is more than the parallel ferrite core configuration. In contrast, the electric loss density is lower than the parallel ferrite core configuration when 90-degree orientation. Moreover, the simulation results in Fig. 3(c) show that the heating locations can be relocated from the left to the right of the breast model by changing the orientation of the ferrite core with rectangular shields in x-direction. The maximum electric loss density for the orientation of the both ferrite cores with cylindrical shields changed from original position to the 16cm is 264W/m 3 . In this case, the heating efficiency is similar to the original position in Fig. 2(a) since the aperture size is identical.
V. CONCLUSIONS
In this paper, we proposed a technique to control magnetic field intensity and relocate the heating area by using a cylindrical metal shielding in conjunction with ferro-fluid nanoparticles. The magnetic shielded system is designed for breast cancer treatment with hyperthermia inductive heating. The distribution of the lossy medium was analyzed using the full wave 3-D numerical simulation. It is a novel technique to control the magnetic field intensity and relocate the heating area in hyperthermia therapy to destroy cancerous cells, without damaging the surrounding healthy tissue by using a cylindrical magnetic shielding system in conjunction with ferro-fluid. The simulation results showed that the position of heating region can be controlled and relocated by changing the orientation of the ferrite core with magnetic shielded system. These results demonstrate that it is possible to achieve higher temperatures and to focus magnetic field intensity where the Ferro-fluid nanoparticles and magnetic shielding system are used. The advantage of the magnetic shielding system is that it can be applied to prevent the side-effects of hyperthermia cancer treatment by inductive heating.
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